Cervical cancer is the third most common cancer affecting females and the fourth leading cause of cancer death in females worldwide, accounting for 9% (529 800) of the total newly diagnosed cancer cases and 8% (275 100) of the total cancer deaths among females in the year 2008. More than 85% of these cases and deaths occur in developing countries.[@b1-asm-1-13]

The incidence of cervical cancer is low in Saudi women. According to the 2007 Saudi cancer registry report, cervical cancer is the thirteenth most frequent cancer in Saudi women. The incidence rate in Saudi Arabia is one of the lowest in the world at 1.9 cases per 100 000 women, accounting for 2.2% of diagnosed cases of cancer in Saudi women.[@b2-asm-1-13] Although cervical cancer is both preventable and curable, most women in Saudi Arabia present at advanced stages that require extensive chemoradiation therapy.[@b3-asm-1-13],[@b4-asm-1-13] This is due to the lack of a proper screening program.[@b5-asm-1-13] Cervical cancer is caused by sexual exposure to an oncogenic type of the human papillomavirus (HPV), usually types 16 and 18.[@b6-asm-1-13]--[@b9-asm-1-13]

The FDA has approved the Digene Hybrid Capture 2 High-Risk HPV DNA Test as a cervical screening test for HPV infection.[@b10-asm-1-13] There are clear benefits for the use of HPV DNA testing in the triage of equivocal smears, low-grade smears in older women and in the post-treatment surveillance of women after treatment for cervical intraepithelial neoplasia. However, there are still issues regarding how best to test in primary screening. [@b11-asm-1-13] The most resourceful and cost-effective screening techniques include visual inspection of the cervix after applying acetic acid or Lugol iodine and DNA testing for human HPV DNA in cervical cell samples.[@b12-asm-1-13] A recent clinical trial from India in a low-resource area concluded that a single set of HPV DNA testing was associated with a 50% reduction in the risk of developing advanced cervical cancer and associated deaths.[@b13-asm-1-13] Currently, little is known about the prevalence and type of distribution of HPV in Saudi Arabia. Introduction of appropriate screening for cervical cancer in Saudi Arabia requires extensive work to find whether HPV infection is a significant healthcare problem. In addition, baseline information on HPV prevalence and genotype distribution is highly desirable to evaluate the impact of prophylactic HPV vaccines in the near future. This study aimed to evaluate the feasibility of using HPV testing as a primary screening for cervical cancer by determining the prevalence in a group of Saudi women and assessing the prevalence among different age groups to evaluate the feasibility of using HPV DNA testing as a primary screening test for cervical cancer.

PATIENTS AND METHODS
====================

This was a prospective cohort hospital-based study of all Saudi women attending gynecology clinics at King Abdulaziz University Hospital from March 2010 to January 2011 who fulfilled the inclusion criteria of being sexually active and of childbearing or postmenopausal age. Exclusion criteria included virginity, pregnancy, known cases of HPV, cervical precancerous lesions or cervical cancer, positive cytology on Pap smear, patient refusal to participate in the study and nonSaudi nationality. Women who were eligible for the study consented to participation after being counseled by one of the gynecologist in the clinics and given the liberty to participate or decline; only women who signed the consent form were included in the study. The women then had the traditional Pap smear using the wet mount technique and the Hybrid Capture 2 (HC2) reagents and materials for HPV detection (Digene Corporation, USA). Pap smear results were reported according to the Bethesda system for reporting of cervical cytology. [@b14-asm-1-13] Smears with no abnormalities or one with reactive changes were considered normal while all smears of atypical squamous cell of undetermined significance (ASC-US) or higher were considered as abnormal.

The specimen collection was done via cells taken from the cervix with the Digene cervical sampler kit, then placed into the Digene liquid collection medium. The specimen collection was performed by a gynecologist after taking a detailed history and performing a physical examination including pelvic examination. The Digene HPV HC2 test used in the study detects the high/intermediate risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68). The target DNA hybridizes with a specific high-risk HPV RNA probe-forming RNA/DNA hybrids which are captured onto the surface of a microplate well coated with antibodies specific for RNA/DNA hybrids. Fixed hybrids are then reacted with alkaline phosphatase conjugated antibodies specific for the RNA/DNA hybrids, which are then identified with a chemiluminescent substrate, where several alkaline phosphatase molecules unite to each antibody. Multiple united antibodies bind to each captured hybrid give considerable signal amplification. Light is released when the substrate is broken by the bound alkaline phosphatase, then measured as relative light units (RLUs) on a luminometer and its strength indicates the presence or absence of target DNA in the specimen. The interpretations of the test results were carried out according to the manufacturer's instruction. The women were classified into groups based on their age (19--29 years), (30--39), (40--49), (50--59) and (60 years and older). Data were collected and analyzed using SPSS statistical package version 16. The institutional human ethics committee for King AbdulAziz University Hospital approved the study protocol based on the international recommendations on human subject research and according to principles of the Helsinki declaration.

RESULTS
=======

During the study period, 6585 women were seen in the gynecology clinics for different clinical complaints. The majority of cases had menstrual cycle abnormalities followed by pelvic pain, vaginal discharge, urinary incontinence and dyspareunia in order of frequency. Applying the inclusion criteria, 1649 patients were eligible. Out of 1649 eligible women, 1164 were excluded from the study for the following reasons: 704 refused to participate in the study after counseling, 429 were pregnant or seen for pregnancy complications, and 16 had technical difficulties in collecting or processing the sample according to the study protocol, 15 for previous positive HPV, cervical carcinoma or cervical precancerous lesions. The commonest cause for refusal to participate was the psychological fear of the impact of positive test on the patient's physical and social life.

Four hundred and eighty-five women participated in the study. The age range was 19 to 91 years with a mean age of 44.7 years. The majority of women were multiparous, 403 (83%). The parity ranged from 1 to 9 with a mean of 3.5. Four hundred and seventeen women (86%) were married, 44 (9%) divorced and 24 (5%) were widows. The Pap smear was abnormal in 118 (24.3%) women and normal in 367 (75.7%).

Of 485 patients, 458 (94.4%) were negative for HPV infection while 27 (5.6%) were positive ([Table 1](#t1-asm-1-13){ref-type="table"}). The detection rate of HPV, DNA varied according to age showing the highest rate among women age 60 years and older. Furthermore the study showed that 16 women of 334 patients in the reproductive age group (19--49 years) tested positive for HPV DNA with a detection rate of 4.8% compared to 11 of 151 postmenopausal women (50 years and older) with a detection rate of 7.3%. The highest number of tested patient was reported in the group 40--49 years old with 188 women (32% of the collected samples).

DISCUSSION
==========

The unduly high burden of cervical cancer in developing countries is mostly due to a lack of screening programs that allows detection of precancerous and early stage cervical cancer.[@b15-asm-1-13],[@b16-asm-1-13] Out of the 30 to 40 known HPV genotypes that infect the mucosa of the female genital tract, eight types (16, 18, 45, 31, 33, 52, 58, and 35) are accountable for 95% of cervical cancers and two genotypes (16 and 18) are responsible for 70 percent of the cervical cancer cases.[@b17-asm-1-13] The HPV vaccine protects against the most common strains of HPV infections (HPV types 16 and 18). Effective utilization of the available vaccine depends on the prevalence and the genotype of HPV in the targeted population. The estimated global HPV prevalence was 11.7%. It was estimated to be 24.0% in Sub-Saharan Africa, 21.4% in Eastern Europe, and 16.1% in Latin America. The age-specific HPV prevalence distribution showed a first peak at younger ages (\<25 years) in Latin America and older ages (≥45 years) in North America and Africa.[@b18-asm-1-13]

In two recent studies from Saudi Arabia on the HPV genotype associated with cervical cancer, Alsbeih et al[@b19-asm-1-13] showed that 81% of cervical cancers specimens tested in their institution in the central part Saudi Arabia were associated with HPV infection, the majority 78.7% (70/89) of HPV-positive tumors were infected with HPV-16/18. Al-Badawi et al[@b20-asm-1-13] reported similar finding with 95.5% detection of HPV in cervical cancer specimens, the most common HPV genotype detected being HPV-16 (63.4%), followed by HPV-18. These two studies clearly show that the most prevalent HPV genotype in Saudi women with cervical cancer were 16 and 18 which is no different than was reported globally.[@b17-asm-1-13]

The role of high-risk HPV DNA testing is growing and HPV DNA testing, either alone or in combination with cervical cytology, has been shown in many studies to be more sensitive than cervical cytology alone in detecting low- or high-grade cervical lesions.[@b21-asm-1-13]--[@b23-asm-1-13] In addition, HPV DNA testing has been proposed both as a primary screening method (either as an adjunct or instead of Pap smear) and as a method to triage Pap smear results that are equivocal.[@b24-asm-1-13]--[@b26-asm-1-13]

Many studies have documented the use of HPV DNA testing as a primary screening tool. In a Canadian randomized control trial on 10 154 women, Mayrand et al[@b27-asm-1-13] compared HPV DNA testing with conventional Pap smear and concluded that HPV testing has greater sensitivity for the detection of cervical intraepithelial neoplasia than the conventional Pap smear. Ronco et al,[@b28-asm-1-13] in a large randomized controlled Italian trial that included two groups of women, 47,001 were assigned to the cytology group and 47,369 to the HPV testing group. They concluded that HPV-based screening is more effective than cytology in preventing invasive cervical cancer, by detecting persistent high-grade lesions earlier.

In a low-resource setting, a single round of HPV DNA testing was associated with a significant reduction in the numbers of advanced cervical cancers and deaths from cervical cancer. This was clearly demonstrated in a randomized trial of 131 746 women aged 30 to 59 years in rural India that compared a single lifetime screening with one of three screening modalities with standard care; the screening modalities were HPV testing using the Hybrid Capture HC2, cervical cytology, or visual inspection of the cervix with acetic acid.[@b29-asm-1-13]

The current study reported a prevalence of 5.6% of the high/intermediate-risk HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68) in Saudi women attending gynecology clinics for different complains. The only other reports from Saudi Arabia identified through a PubMed search were by Al-Muammar et al[@b30-asm-1-13] and Gazzaz.[@b31-asm-1-13] In a small number of patients attending family medicine clinics in Riyadh, Saudi Arabia, Muammar et al[@b30-asm-1-13] reported a high prevalence of HPV infection, reaching 31.6% with the majority of cases being HPV-16 followed by 18. The age distribution was not mentioned in that study.

The prevalence in the current study (5.6%) is similar to that reported by Gazzaz[@b31-asm-1-13] (5%) and much lower than the one reported by Al-Muammar et al[@b30-asm-1-13] (31.6%). The current study showed a prevalence peak on relatively older women (\>60 years), which might be explained by the lack of screening program and earlier testing in those women. A report from Egypt on 5453 women[@b32-asm-1-13] showed a prevalence of 4.0% for HPV among Egyptian women included in the study. These figures are in accordance with our figure, but the age distribution for HPV positivity was younger in the Egyptian women compared to our results. The prevalence of HPV IN 1026 Lebanese women aged 18--76 years[@b33-asm-1-13] was 4.9% with 3% for high risk HPV type 16 DNA with peak at 60--69 years of age, which was similar to our results.

Comparing our positive results (5.6%) with those from other countries such as the United States[@b34-asm-1-13] (26.8%) and China[@b21-asm-1-13],[@b35-asm-1-13] (13.5%--17.6%) show that the prevalence of cervical HPV infection among females in Saudi Arabia is relatively low. In addition, the age distribution shows a marked difference. The current study shows a prevalence peak in women in the age group 60 years and older compared to a prevalence peak in the age group of 20 to 24 years in the United States.[@b34-asm-1-13]

The current study shows a low detection rate (1 case, 1.9%) of HPV DNA positivity in women under the age of 30 years. Our findings concurs with the findings of Kjaer et al[@b36-asm-1-13] in their study to determine the absolute risk of cervical abnormalities in women with normal cytology and a positive high-risk Hybrid Capture 2 (HC2) test, which showed that the rate of development of a cervical lesion to be 17.7% in younger women compared to 24.5% in older women. In another study by Khan et al[@b37-asm-1-13] from the United States to explore the risk of cervical precancerous lesions in women with normal cytology and positive testing for HPV DNA type 16 and 18 showed that women 30 years of age and older had a higher risk of developing cervical lesions than younger women.

Datta et al[@b38-asm-1-13] measured the Pap test results and high-risk HPV prevalence by Hybrid Capture 2 assay in 9657 women age 14 to 65 years receiving routine cervical screening and concluded that high-risk HPV was widespread among women receiving cervical screening in the United States. They suggested that many women 30 years of age or older with normal Pap tests would need follow-up if Hybrid Capture 2 testing is added to cytology screening.

In the present study HPV infection among females in a Saudi community was done on a larger number than that was done by Gazzaz[@b31-asm-1-13] and Muammar et al.[@b30-asm-1-13] The current study provides a unique opportunity to gather an idea about baseline data on cervical HPV prevalence among females in the western region of Saudi Arabia. The protocol and methodology applied in the current study was successful and could be used in a larger nationwide research.

The prevalence of HPV in this group of Saudi women in the western region of Saudi Arabia is similar to what is reported in some other Arab countries and lower than what is reported in developed countries and some parts of Asia. This information can be used in establishing a proposal for using HPV testing by hybrid capture as a primary screening for cervical cancer in Saudi Arabia. Multicenter population prevalence data for HPV on a larger scale in women in Saudi Arabia is required before the implementation of routine HPV vaccination in this country.

###### 

Result of negative and positive HPV DNA in cervical specimens by Hybrid Capture 2.

  Age group (years)   n     Number of negative patients (%)   Number of positive patients (%)
  ------------------- ----- --------------------------------- ---------------------------------
  19--29              54    53 (98.1)                         1 (1.9)
  30--39              92    87 (94.6)                         5 (5.4)
  40--49              188   178 (94.7)                        10 (5.3)
  50--59              108   101 (93.5)                        7 (6.5)
  ≥60                 43    39 (90.7)                         4 (9.3)
  19--91              485   458 (94.4)                        27 (5.6)
